INTRODUCTION
The subclass Octocorallia (Cnidaria: Anthozoa) comprises approximately 3,000 extant species of soft corals, sea pens, gorgonians and blue corals (Daly et al., 2007) . To elucidate the evolutionary relationships within octocorals, much research has been conducted using 18S rRNA, cox1, nd2 or msh1 genes (Berntson et al., 1999 , McFadden et al., 2006 . However, because of the lack of enough amount of nucleotide substitution due to slow evolution of mitochondrial and nuclear ribosomal genes, a clear phylogenetic relationship has remained unsolved (Hellberg, 2006) .
Mitochondrial genomes (mitogenomes) have been used for phylogenetic studies in diverse animal groups (Brugler and France, 2007 , Sinniger et al., 2007 , Wang and Lavrov, 2007 . Not only protein coding genes, but also gene order, gene content, and non-coding regions can be used in phylogenetic analyses (Gissi et al., 2008) . Currently, only six octocoral mitogenomes have been sequenced, in contrast with 27 hexacoral mitochondrial genome sequences available on GenBank. For the phylogenetic analysis of octocorals, more mitochondrial genome information is needed. In a previous study we constructed anthozoan phylogeny and estimated divergence time between hexacorals and octocorals using 13 protein coding mitochondrial genes including D. gigantea (Kim et al., 2008) reported in this paper. The result showed that the first splitting event among four octocoral species had occurred around 50-79 million years ago (Ma). In contrast, 16 different hexacoral species showed relatively long history of divergence (¤240 Ma). The discrepancy mainly arose from the very limited taxon sampling of the octocorals compared to the hexacorals (Kim et al., 2008) . These results provided insights into the anthozoan evolution and also highlighted the need and importance of more extensive taxon sampling, particularly in octocorals, for better understanding of phylogenetic relationships among anthozoans. Here, we determined and described the complete mitochondrial genome sequence of D. gigantea, the first report from the Family Nephtheidae.
conserved sites among four octocorallian genome sequences available on GenBank (accession IDs: DQ640649, DQ640646, AF064823, and AF063191). Each primer pair was designed to amplify an approximate 700-bp segment, and each amplicon was overlapped by about 70 bp with both 5′ and 3′ adjacent segments. PCR reactions were conducted using the following conditions: initial denaturation step at 94� C for 1_ min, 35_cycles at 92� C for 40 sec, 50� C for 1 min, 72� C for 1 min, followed by a final extension step at 72� C for 7 min. PCR products were purified with a LaboPass PCR purification kit (Cosmo Genetech Inc. Seoul, Korea), and sequenced using an ABI3730XL instrument (50-cm capillary).
Gene annotation and sequence analysis
To construct a complete mitogenome contig, 31 sequences were aligned and assembled using AlignIR (LiCoR). Protein coding genes and rRNA genes were identified with a blast search based on sequence similarity and confirmed by ORF Finder (NCBI). Transfer RNA genes were searched with the tRNA scan-SE program (Lowe and Eddy, 1997) , and codon usage was calculated using DnaSP 5.0 (Librado and Rozas, 2009 ).
RESULTS

Genome composition and gene order
The mitochondrial genome of D. gigantea consisted of 18,842 bp in length (GenBank accession ID: FJ372991, Fig.  1 ) and contained 14 protein coding genes (atp6 and 8, cox1-3, cytb, nd1-6 and 4L, and msh1), two rRNA genes (large and small subunit ribosomal RNA), and one tRNA gene (for methionine), which was identical to the typical octocoral species reported so far in terms of genome composition (McFadden et al., 2010) . Additionally, the gene order was identical to other octocorals except for the deep-sea bamboo coral species of the Family Isididae (Brugler and France, 2008) .
Protein coding genes and codon usage
In general, metazoan mitochondrial genomes consist of 13 protein coding genes (atp6 and 8, cox1-3, cytb nd1-6 and 4L), 1F  ATGAACAAATATCTTACACG  1R  ATAARTGCTGRAATAAAAT  2F  CAATGTTATTGACAGATAGA  2R  GCTAAACCCAAGAAATG  3F  ACAGGTTATAGTTATAATGA  3R  GTCTGCTGGCACTTAGTTAG  4F  CTGGTCGAAGATGCGTAGTA  4R  TGTGCTAACACTGGGTTAGA  5F  TGGATTAAGTCAGGTGTC  5R  ATAGCTAATCATTTGAGC  6F  GTACTAGCTGATATTAATGT  6R  YACTGCATCTAAACCTATCA  7F  ACAGGAATTCTAGGAATGGG  7R  GACATTTGTCCCCAAGGTAA  8F  ATATTTTAAGAGACGTTAAT  8R  CTCTACTGGATTAGCCCCTA  9F  ATCCTTTAGTAACTCCTG  9R  TTGGCCAGAAGGCACCTA  10F  TGCTAGTTTGGTGCTACTAG  10R  TCGGCAGCTGCGACAGTTAA  11F  AGGTATTATTCTTAATAGAA  11R  TTACAACTAGGAGARTAAAC  12F  YTRCTTCAAATGGGGTTTCC  12R  AGAATTGTAACACTCGGG  13F  CTTAGTAAAATATTTCAAAG  13R  TGTATCTTGAAAYACAATAT  14F  TGGGCYGAACARAYTTCAAA  14R  TAARCTGTTATAATTAGCTA  15F  GCAGGAATGTATGTAGCTGC  15R  AGACTTTACTCAGTTCCACT  16F  CTATTTTAGGYTGGAAGAGA  16R  ACTTCCTGTTTGTCTAAGTT  17F  ACTGGTGTAGTAAGACTA  17R  TTTCCTCTTGAGACAGTA  18F  TGACCGTGATAATGTAGCAC  18R  GGCACCTTATTAATCCCWAA  19F  TGGTGACACAGCTCGGTT  19R  GCACGATAGATAATAGCGCA  20F  ATTRTTATTTAAAGTATCTG  20R  ATATTTGTTATTACTAAAGG  21F  GTTTTTAACTAARTGGTATR  21R  TCCCAACCRATAAATARTTG  22F  ATTCTACAAGTTATATGAGA  22R  GCATGAATRATTGAGCCTGC  23F  AGTTTATATCAYYTACTAAC  23R  TATCATTAATGCATAATTAA  24F  ATGCCTGGGAGTTTAATC  24R  AGAAGAAATAATAAGCAGCT  25F  TTTGAAAGTATATTAATACC  25R  GTACTAGTWGAAAAAGCAGC  26F  ATGGTRTTTACTTTAGCTAA  26R  GCTGCTAGTTGGTATTGGCA  27F  CTAAGARCCCCACCARTAAA  27R  TATCACCCTTATCATYTAGT  28F  TGAAAATATARTACTGAGCC  28R  TCWACAGCTAAYAAGGGAAC  29F  GTAAATACRTAGGGAAATAG  29R  CATTAGSTATTAAAATGGAT  30F  GAGTGATTAGCGCCACATAA  30R  GGAGCCTATATCCTTGRGAT  31F TGGAGTTTTCATTCTTCTCT 31R CCAATCATTACTGGCATTAC however, the octocoral mitochondrial genome contained an additional bacterial mutS homolog msh1 gene, which has not been documented in other metazoans, even in the sponge and hexacoral mitochondrial genomes (Pont-Kingdon et al., 1998) . Among the 14 protein coding genes, ten genes (cox1, nd1, cytb, nd6, nd4, nd4L, msh1, nd2, nd5, and nd4) were encoded in the heavy strand and the remaining four genes (cox3, apt6, atp8, and cox2) were encoded in the light strand ( Table 2) . All genes are inferred to start with an ATG codon and terminated with a TGA or TAA stop codon except cox1, which ended with an ATTT sequence, and is considered to make a TAA stop codon by adding multiple adenines to the 3′ end of the mRNA strand (Anderson et al., 1981) . According to the codon usage program, UUA for Leu (RSCU 3.30) and AGA for Arg (RSCU 2.65) were highly preferred. In contrast, UCA for Trp (RSCU 0.07) and CUC for Leu RSCU 0.15) were highly avoided (Table 3 ).
Ribosomal and transfer RNA genes
The D. gigantea mitochondrial genome encoded 12S and 16S rRNA genes of 923 and 2,171 bp, respectively. The small subunit ribosomal RNA was located between the cox1 and nd1 genes, and the large subunit ribosomal RNA was found between the msh1 and nd2 genes. Compared to typical metazoan mitochondrial genomes, which have 22 tRNAs (Gissi et al., 2008) , all six octocorals sequenced to date have only one type of tRNA Met . The tRNA for methionine of D. gigantea which is 71 bp in length, was located between nd4 and cox3 (Fig. 2) .
Non-coding region
Non-coding intergenic regions occupied 5.08% (957 bp/ 18,842 bp) of the total length of the D. gigantea mitogenome and showed a large proportion of noncoding DNA/total DNA compared to the other five octocoral mitogenomes (average 3.96%, McFadden et al., 2010) . All genes were separated by non-coding regions with a range of 4 bp to (+ +) and (-) indicate heavy strand and light strand, respectively. a The stop codon "TAA" is formed at the end of the gene by polyadenylation to the end of cox1 mRNA which ends with "T". b Negative value indicates overlapping region of two adjacent genes.
199 bp except between nd2-nd5 where the two genes a overlapped by 13 bp. The longest non-coding region was located between cytb and nd6.
DISCUSSION
The D. gigantea mitochondrial genome was of 18,842 bp in length, and comprised 14 protein coding genes, two rRNAs, and only one tRNA. In general, mitochondrial genes, such as cox1 and nd2, are widely used for phylogenetic analysis due to high substitution rates compared to those of nuclear genes (Gissi et al., 2008) . However, mitochondrial genes of corals are inappropriate to reveal evolutionary relationships because of the low genetic variation and substitution rate (Hellberg, 2006; McFadden et al., 2006) . Therefore, a large number of informative DNA sequences are needed to better understand octocoral phylogeny. For this reason, whole mitochondrial genomes are a good resource for phylogenetic information, including gene content and gene order as well as DNA sequences. The study using 13 protein coding genes from 17 hexacorals and 3 octocorals suggested that one of the two clades of scleractinia is closely related to the corallimorpharia than to the other clade of scleractinia hence the corallimorpharia should be included in the scleractinia (Med- , 2006) . Our previous study including the protein coding genes from D. gigantea estimated the divergence time among four octocorals approximately 50-79 Ma (Kim et al., 2008) . These studies contributed to better understand of the anthozoan evolution. However, the insufficient taxon sampling acts as a limit for better understanding of the evolutionary relationships and molecular evolutionary patterns of mitogenome of anthozoans. Therefore more mitochondrial genome sequencings and characterizations are needed for further study.
